ABSTRACT A distinctive type of luminescent system present in the large dorsal luminous organ of the oceanic squid Symplectoteuthis oualanienas is described. The organ produces an intense blue flash oflight followed by a rapid decay in light intensity. Luminescence originates from numerous oval granules present in the luminous organ. The essential light-emitting components are membrane bound. Intact granules or washed homogenates of the granules are triggered to emit light by monovalent cations such as, in decreasing order of effectiveness, potassium, rubidium, sodium, cesium, ammonium, and lithium. Calcium, magnesium, and strontium ions do not trigger light emission. Analysis ofthe kinetics ofthe decay oflight intensity suggests that two light-emitting components are involved, one decaying faster than the other. The light-emitting reaction has an absolute requirement for molecular oxygen. The optimum KCI or NaCl concentration is ==0.6 M and the optimum pH is -7.8. A free sulfhydryl group is essential for activity. Molecular mechanisms of bioluminescence have been described in a wide range of marine organisms -.g., bacteria, dinoflagellates, crustaceans, coelenterates, and fishes, but understanding the mechanism in cephalopods has remained an unsolved problem. The principal reason has been the inability to obtain suitable active extracts for biochemical studies. Goto and coworkers (1-4) have investigated this problem by determining the structures ofcompounds isolated from the luminous organs and liver of the Japanese firefly squid Watasenia scintilans and relating the structures to the luciferins and oxyluciferins of other marine organisms. Because the bioluminescence reactions of many such organisms involve common chemical mechanisms and oxidative products, it is possible to assign a structure to the putative luciferin in the reaction if the structure of the oxidized product (i.e., oxyluciferin) is known. By using this approach, these workers have proposed a sulfated form of an imidazopyrazine compound, structurally similar to Renilla luciferin and the light-emitting chromophore of aequorin, as the "luciferin" or substrate in the Watasenia reaction.
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Symplectoteuthis oualaniensis is an oceanic squid common to the western Pacific and Indian Oceans (5, 6) . The squid possesses a large oval organ (major axis, =2 cm) on the anterodorsal surface ofthe mantle that emits a bright flash ofblue light when stimulated. The organ is yellow and consists ofnumerous ovate [0.4-1.1 mm (major axis) X 0.3-0.5 mm (minor axis)] photogenic granules. This paper describes some properties of this membrane-bound system, which emits light when triggered by potassium and other monovalent cations. A brief report has been published elsewhere (7 Effect of KCl and NaCI Concentrations. The optimal concentration for triggering light emission was 0.6 M (final) for both KCl and NaCl (Fig. 3) . At <0.1 M, very little light was triggered, whereas at >0.6 M, there was a progressive decrease in light intensity.
Effect of pH. The pH-activity curves for the KCl-and NaCltriggered bioluminescence are given in Fig. 4 . The relationship between final pH and Io was a bell-shaped curve with a maximum at ==7.8.
Dependence on Molecular Oxygen. All test suspensions emitted a low level of light (Fig. 5A) after we began to flush a suspension with argon, the light intensity decreased, reaching zero in -4 min. The subsequent addition of 1.0 M KCl to the suspension did not trigger light emission. However, when oxygen was admitted to the suspension, there was a bright flash oflight, followed by a long-lasting decay (Fig. 5B) . Ifthe flow ofargon was resumed while the light intensity was decaying (not shown), the light intensity was reduced to about one-third the intensity of the original low level in 10 
DISCUSSION
The Symplectoteuthis. light-emitting reaction appears to represent a type of oxygen-dependent bioluminescence system in which the essential light-emitting components are membrane bound and potassium or sodium ions are required to trigger the reaction. Such ion-triggered bioluminescence has been observed previously in the soluble systems of coelenterates and in the dinoflagellate Gonyaulax polyedra. Thus, in coelenterates, triggering of light emission is by calcium ions acting on a photoprotein-e.g., aequorin (11, 12) ; in Gonyaulax, it is by protons acting. on a luciferin-binding protein that releases luciferin for reaction with luciferase (13) ; and in the coelenterate Renilla reniformis it is by calcium ions acting on a luciferinbinding protein to release luciferin (14) . Molecular oxygen is (10) . The left and right arms of the A tube contained 1.0 ml of test suspension and 1.0 ml of 1.0 M KCl, respectively. The bottom of the left arm was seated above the window of the photomultiplier. The connections were (i) a T stopcock on the right arm to the outlet tubing of the furnace tube, (ii) inlet tubing of the furnace tube to the needle valve of the pressure gauge on the argon tank, and (iii) a T stopcock on the left arm to the needle valve on the oxygen tank. All connections were via flexible copper tubing, brass Swagelok fittings, and Sealstex cement (Arthur H. Thomas). All experiments were carried out under light-tight conditions in a darkroom. When we began to flush the A tube with argon, the right-angle stopcock was closed and the stopcock on the left arm was opened to the atmosphere to clear its capillary of air, after which the T stopcock on the left arm was closed and the right-angle stopcock was opened; then, when KCl was being transferred from the right to the left arm, the right arm was rotated upward -120°with the argon flowing, thus forcing the KCI into the left arm. To introduce oxygen into the left arm, the stopcock on the right arm was closed and that on the left arm was opened ( (15) , and from the fluorescence emission spectrum of Watasenia oxyluciferin, the presumptive emitter, which has a peak at 400 nm (1) . Further, the Symplectoteuthis spectrum shows little resemblance to the in vitro bioluminescence emission spectrum of Pholas, which has a peak at 505 nm (16) .
Another interesting property ofthe Symplectoteuthis system is the high salt concentration (0.6 M) required to trigger maximal light emission (Fig. 3) . Thus, it is ofinterest that the Pholas reaction also requires a high NaCl concentration (0.5 M) for optimal light emission (18) . In contrast, homogenates of the 0. pteropus light organ are insensitive to injections of cations, anions, and cofactors (15) . The Symplectoteuthis system differs to an even greater extent from the well-studied molluscan system -4 Proc. Natl. Acad. Sci. USA 78 (1981) 6723 of Latia neritoides, whose reaction involves a luciferin that is an enol formate, a luciferase, a purple protein cofactor, and molecular oxygen and has an emission peak at 536 nm (19) .
The increase in KCl-triggered light emission in the presence of EDTA ( (Table 2) suggest that a free sulfhydryl. group is essential to the lightemitting reaction.
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